A The intensity of the fluorescence was in proportion to the reaction time and enzyme concentration.
gelatin
was prepared by heating commercially available FITC-labeled type I collagen. The denatured collagen was cleaved with purified trypsin and partially purified fibroblast gelatinase, and the digested FITC-fragments were measured fluorometrically.
The intensity of the fluorescence was in proportion to the reaction time and enzyme concentration.
Both enzyme activities were measurable within the nanogram range of enzyme preparations.
The enzyme activity was detected after 4-aminophenylmercuric acetate (APMA) treatment which was completely inhibited by metalloproteinase inhibitors, but not by serine-and cysteine-proteinases' inhibitors.
Conditioned media of human periodontal ligament fibroblasts (PLF) and gingival fibroblasts (GF) were separately treated with DTT prior to the enzyme assay, and then the assay was performed in the presence of APMA. The enzyme activities of PLF and GF were 106-and 55-fold higher than those of the conventional gelatinase assay which was carried out without DTT treatment.
This assay method allowed the measurement of gelatinolytic enzyme activity when tissue inhibitors of metalloproteinases were present in the fibroblast culture medium.
Introduction Matrix metalloproteinases
(MMPs) play an important role in tissue remodeling, degradation, and wound healing, since they break down collagens and other proteins in the extracellular matrix of the periodontium (1, 2) . Since many tissues produce both MMPs and tissue inhibitors of metalloproteinases (TIMPs), sensitive enzyme assay methods for MMPs that avoid the effects of TIMPs are necessary for accurate determination of MMP activities.
As To examine the effects of this sample preparation method on gelatinolytic enzyme activity, APMA-treated active gelatinase and progelatinase from GF were treated with DTT and dialyzed against assay buffer. Active enzyme was abolished almost completely with DTT treatment, and the activity was not recovered after treatment with APMA. The proenzyme was not affected by DTT treatment, and the activity was detected only after APMA activation.
Results

Partial purification
of fibroblast gelatinase The soluble proteins in GF-cultured medium were concentrated with ammonium sulfate and dialyzed against the gelatinase assay buffer. The concentrated proteins were then applied to Ultrogel AcA 54 column, and gelatinolytic enzyme activity in each eluted fraction was determined by gelatin enzymography.
The protein concentration in each fraction was also measured with a spectrophotometer (Shimadzu CL-1200) at 280 nm. The elution profile of the proteins and the enzymography are shown in Fig. la . Clear bands on the enzymogram showed gelatinolytic enzyme activity in eluate fraction numbers 29 to 39. The molecular weight of the enzyme Fig. 1 Enzymography on Ultrogel AcA 54 (a) and a gelatin-agarose affinity gel (b)-eluted sample. Concentrated gingival fibroblast conditioned medium was applied to an Ultrogel AcA 54 gel-filtration column (a) followed by gelatin-agarose affinity gel (b) and monitored for gelatin-degrading activity by enzymography and absorbance (added graphs), as detailed in Materials and Methods. Added graphs for Ultrogel AcA 54 (a) -; absorbance 280 nm, for gelatin-affinity column (b) -; absorbance 280 nm, arrow; 5% DMSO. was estimated to be approximately 72 kDa from the enzymogram.
The above fractions were collected and pooled, applied to a gelatin-agarose affinity column, and the enzyme activity in each fraction was examined by enzymography. Clear bands were observed at fraction numbers 13 to 15 (Fig. lb) , which eluted with 5 % DMSO. These fractions were used as partially purified gelatinase. (Fig. 2) . Therefore, we used 10 % TCA/0.01 % TA solution to terminate the enzyme reaction, and to determine the soluble FITC-fragments. To determine molecular weights of proteins precipitated under this assay condition, proteins in the enzyme assay mixture was separated by SDS-PAGE.
Solubility
Proteins of molecular weights below 67,000 including the enzyme digested-gelatin fragments were not precipitated by this condition (Fig. 3) . The optimal pH for measuring intensity of the fluorescence derived from soluble FITC-fragments was examined next, and a pH of 8.5 was found to be the most effective pH between 7.5 and 9.0 (Fig. 4) Gelatinase assay conditions Since gelatinolytic activity in the culture medium was in an inactive form (latent form or proenzyme), the enzyme was activated by APMA-treatment. The relationship between preincubation time and the partially purified gelatinase (65 ng) activity is shown in Fig. 5 .
Since the highest enzyme activity was observed at time zero, substrate and APMA were added at the same time just before the start of the enzyme reaction. In addition, since the optimal pH range for this enzyme assay was between pH 6.9 and 8.4, we decided to use the buffer at pH 7.4 for the following assay (Fig. 6) To handle gelatin with the TCA and TA mixture, the solution was shaken thoroughly to precipitate the undigested gelatin for this assay. Although Twining (9) reported that 5 % TCA was useful for precipitating undigested casein, we found that the solution should be a mixture of 10 % TCA and 0.01 % TA to precipitate undigested gelatin, and to obtain a low blank (Fig. 2) .
In order to determine the fluorescence derived from digested soluble FITC-gelatin fragments, the above solution should be neutralized with 0.5 M Tris-HC1 solution, pH 8.5. Sufficient FITC fluorescence will not be produced under lower pH conditions (9). We found that the fluorescence was also decreased at higher pH values (Fig. 3) .
Gelatin digestion in this assay was inhibited by EDTA (19, [25] [26] [27] and o-phenanthroline (26, 27) , but not by PMSF (28) and NEM (29) , indicating this enzyme activity was of metalloproteinases.
Fibroblast gelatinase is well known as metalloproteinase 2 (MMP-2), and organomercurials such as APMA are needed in order to activate the enzyme (6, 21) . APMA was necessary for activating the enzyme, but the enzyme activity was markedly decreased by incubation with APMA without FITC-gelatin (Fig. 5) . Although BSA was added to the above preincubation mixture, it was not effective in protecting the active enzyme against APMA treatment. The above observations indicated that the substrate would be necessary in order to maintain the enzyme activity after APMA activation.
A similar observation was reported by Fridman et al. (6) , although the reason why APMA both activated and inhibited the enzyme was unknown. They also found that the optimal activation time with APMA treatment was 15 min, but that further incubation markedly reduced the gelatinase activity. Our results, however, indicated that the optimal activation time was zero. We presume this discrepancy was due to the enzyme existing as a complex with TIMP-2, as described by Goldberg et al. (32) (30) , and Richards and Rutherford (31) failed to detect collagenase activity in PLF culture media while they detected the immunoreactive procollagenase and procollagenase mRNA (35). To solve this problem, we developed a new sample preparation procedure (14, 15) for detecting collagenase activity in human PLF, and found that the activity was 3-to 10-fold higher compared with the conventional methods (1, 30, 35) . This was because collagenase inhibitors coexisting in the medium were inactivated by DTT treatment without any effect on procollagenase (15). If the active form of fibroblast gelatinase was also inhibited by TIMP as described by Hipps et al. (21) , we hypothesized that DTT treatment would be similarly effective for detecting gelatinolytic enzyme activity in the culture medium of fibroblasts. The present study revealed the clear effectiveness of DTT treatment followed by APMA in detecting the gelatinolytic activity of PLF and GF culture media (Table  I) , which would contain two different types of metalloproteinase inhibitors (TIMPs) as described by Ohshima et al. (14) . This study also revealed that secretion of gelatinolytic enzyme by PLF and GF occurred without any stimulation in vitro, whereas Nakano and Scott (5) used concanavalin A (ConA), and Hipps et al. (21) used phorbol myristate acetate (PMA) for stimulation of GF to produce gelatinase.
As DTT treatment of the medium caused inactivation of the active gelatinolytic enzyme, the present sample preparation procedure would not be suitable when active enzymes exist in the sample. Since little active form of this enzyme is present in culture media, the DTT treatment is unlikely to affect the analysis. Therefore, the present sample preparation procedure would be useful for detecting fibroblast gelatinolytic activity without any purification steps when the enzyme is present in proenzyme form. 
